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(57) ABSTRACT

An optical interconnection for a stacked integrated circuit, is
provided. The optical interconnection includes: an optical
transmission unit disposed in a first layer and an optical
receiving unit disposed in a second layer, different from the
first layer, and spaced apart from the optical transmission unit
by a predetermined gap. The optical transmission unit
includes a first optical antenna that outputs light; the optical
receiving unit includes a second optical antenna which
receives light transmitted from the optical transmission unit.
At least one of the first and second optical antennas includes
a plurality of nanostructures configured to transmit or receive
an optical signal.
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1
OPTICAL INTERCONNECTION FOR
STACKED INTEGRATED CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent Appli-
cation No. 10-2013-0071943, filed on Jun. 21, 2013, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND

1. Field

Apparatuses consistent with exemplary embodiments
relate to optical interconnection, and more particularly, to
optical interconnection for stacked integrated -circuits,
whereby integrated circuits can be simplified and three-di-
mensional integration caused thereby can be easily per-
formed.

2. Description of the Related Art

Semiconductor devices have been drastically improved in
terms of processing speed, large-capacity data transmission
and integration capacity. As the miniaturization of semicon-
ductor devices reaches its limit, a three-dimensional stacked
structure has been adopted so as to improve a degree of
integration of chips. One problem that may occur when the
three-dimensional stacked structure is adopted, is the diffi-
culty in establishing a communication path between verti-
cally-stacked layers. A path in an in plane direction may be
easily formed through a top-down process using general
lithography; however, it is not easy to form a path in a vertical
direction.

For example, in the case of electronic devices, via holes
that penetrate layers are formed and filled with metals,
thereby obtaining a communication path. However, it is dif-
ficult to perform a process of obtaining the communication
path by forming via holes, costs increase, and the flow of the
entire process becomes complicated.

SUMMARY

One or more exemplary embodiments may provide optical
interconnection for stacked integrated circuits, whereby inte-
grated circuits can be simplified and three-dimensional inte-
gration caused thereby can be easily performed by solving a
communication problem between layers in a vertical stack
structure by adopting an optical antenna structure that oper-
ates at an optical frequency and by transmitting and receiving
high-directivity beams.

Additional exemplary aspects and advantages will be set
forth in part in the description which follows and, in part, will
be apparent from the description, or may be learned by prac-
tice of the presented embodiments.

According to an aspect of an exemplary embodiment, an
optical interconnection for a stacked integrated circuit
includes an optical transmission unit disposed in a first layer,
the optical transmission unit comprising a first optical
antenna that outputs light; and an optical receiving unit dis-
posed in a second layer, different from the first layer, and
spaced apart from the optical transmission unit by a predeter-
mined gap, the optical receiving unit including a second opti-
cal antenna which receives light transmitted from the optical
transmission unit. At least one of the first optical antenna and
the second optical antenna includes a plurality of nanostruc-
tures configured to transmit or receive an optical signal.
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The optical interconnection may be between layers of dif-
ferent stacked electronic device chips, between layers of dif-
ferent stacked photonic device chips; between layers of dif-
ferent semiconductor packages; between a layer of an
electronic device chip and a layer of a photonic device chip; or
between a layer of a semiconductor package and a layer of a
photonic device chip or a layer of an electronic device chip.

The first optical antennal may include a first plurality of
nanostructures formed in a first material layer and the second
optical antenna may include a second plurality of nanostruc-
tures formed in a second material layer.

The first and second pluralities of nanostructures may be
recesses formed in the first and second material layers,
respectively.

One or both of the first and second material layers may be
a metal layer.

One or both of the first and second material layers may be
aplasmonic waveguide which propagates an optical signal in
the form of surface plasmon.

The first and second pluralities of nanostructures may be
formed in a plasmonic waveguide and may be recesses
formed in a metal layer of the plasmonic waveguide.

The plasmonic waveguide may include a first metal layer,
a dielectric layer, and a second metal layer, such that the
plasmonic waveguide comprises a metal layer-dielectric
layer-metal layer structure.

The optical transmission unit may include a laser light
source and the optical receiving unit may include an optical
detector.

The plurality of nanostructures may include a first nano-
structure having a slot shape, which feeds light to at least one
second nanostructure, and the at least one second nanostruc-
ture which directs light incident thereon. The plurality of
nanostructures may also include at least one third nanostruc-
ture which reflects light incident thereon. The at least one
second nanostructure may be angled with respect to the first
nanostructure, and the at least one third nanostructure may be
parallel to the at least one second nanostructure.

Each of the plurality of nanostructures may have a dimen-
sion smaller than a wavelength of the transmitted and
received light.

The first optical antenna may include a first plurality of
nanostructures and the second optical antenna may include a
second plurality of nanostructures that are upside down with
respect to the first plurality of nanostructures.

The optical transmission unit may be disposed in a first
chip, and the optical receiving unit may be disposed in a
second chip, such that the transmission of an optical signal
between the optical transmission unit and the optical receiv-
ing unit is a chip-to-chip communication

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other exemplary aspects and advantages will
become apparent and more readily appreciated from the fol-
lowing description of exemplary embodiments, taken in con-
junction with the accompanying drawings in which:

FIG. 1 schematically illustrates the principle of optical
interconnection for a stacked integrated circuit according to
an exemplary embodiment;

FIG. 2 schematically illustrates an example of an optical
antenna that may be adopted for optical interconnection for
the stacked integrated circuit according to an exemplary
embodiment;

FIG. 3 illustrates a combined structure of an optical
antenna and a plasmonic waveguide;
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FIG. 4 illustrates a stacked integrated circuit in which the
combined structure of the optical antenna and the plasmonic
waveguide illustrated in FIG. 3 is used as an optical transmis-
sion unit and an optical receiving unit so that optical inter-
connection between layers can be performed, according to an
exemplary embodiment;

FIG. 5 schematically illustrates a stacked integrated circuit
according to another exemplary embodiment;

FIG. 6 illustrates an example of an optical transmission
unit that may be used in the stacked integrated circuit illus-
trated in FIG. 5; and

FIG. 7 illustrates an example of an optical receiving unit
that may be used in the stacked integrated circuit of FIG. 5.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments,
examples of which are illustrated in the accompanying draw-
ings, wherein like reference numerals refer to the like ele-
ments throughout. In this regard, the exemplary embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion. Like reference numerals in the drawings refer to like
elements, and the sizes or thicknesses of elements may be
exaggerated for convenience of explanation. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items. Expressions such as “at
least one of,” when preceding a list of elements, modify the
entire list of elements and do not modify the individual ele-
ments of the list.

FIG. 1 schematically illustrates the principle of optical
interconnection for a stacked integrated circuit according to
an exemplary embodiment.

Referring to FIG. 1, in a vertical stacked structure for a
stacked integrated circuit, inter-layer optical signal transmis-
sion may be performed in such a way that an input optical
signal generated in a predetermined layer, e.g., a lower layer,
is transmitted using a first optical antenna 1, is received by
second optical antenna 5 disposed in a layer vertically formed
in a different position from a position of the predetermined
layer and the optical signal is output by the second optical
antenna 5. Optical interconnection may establish an optical
communication path, i.e., an optical via without an additional
structure.

In a three-dimensional stacked structure, a via hole that
penetrates layers is formed, and is filled with metal, thereby
forming a communication path, i.e., a movement path of
electrons.

On the other hand, when optical interconnection is used in
a stacked integrated circuit according to an exemplary
embodiment, communication (i.e., signal transmission)
between two optical antennas 1 and 5 may be performed
without the need of obtaining an additional communication
path for signal transmission between layers. This is because
the wavelength of light used in the optical interconnection for
communication is a relatively long wavelength, e.g., an infra-
red wavelength, and most semiconductor materials, except
for metals or dielectric materials, transmit light having the
relatively long wavelength.

When optical interconnection is used, signals between lay-
ers may be transmitted in the form of electromagnetic radia-
tion using light, unlike in the stacked integrated circuit in
which a conductor line path is essential for the movement of
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electrons. Light may transmit information more rapidly, and
there is no interference between signals due to an overlapping
principle.

The optical antennas 1 and 5 used for inter-layer optical
transmission may form a structure in which light proceeds
only ina particular direction. A transmission direction may be
adjusted by the configuration, the size, the interval, and mate-
rial layers of a structure.

An optical antenna used for optical interconnection for the
stacked integrated circuit according to an exemplary embodi-
ment may include a plurality of nanostructures, as illustrated
in FIG. 2, for example. Since the direction of light can be
controlled by including a component perpendicular to a sur-
face of the optical antenna, an optical signal may be transmit-
ted to other layers in a vertical direction.

FIG. 2 schematically illustrates an example of an optical
antenna 10 that may be used for optical interconnection for
the stacked integrated circuit according to an exemplary
embodiment.

Referring to FIG. 2, the optical antenna 10 may include a
plurality of nanostructures 15, 17, and 19 that are provided in
a material layer 11. The material layer 11 may be a metal
layer, and surface plasmon with respect to an input optical
signal occurs in the optical antenna 10 due to the material
layer 11. Also, the plurality of nanostructures 15, 17, and 19
may be formed as intaglio-type structures in the material
layer 11. In other words, the plurality of nanostructures 15,
17, and 19 may take the shape of slots or other types of
incisions in the material layer. The transmission direction of
the input optical signal may be adjusted according to the
sizes, shapes, arrangement intervals, and materials of the
plurality of nanostructures 15, 17, and 19.

Each of the plurality of nanostructures 15, 17, and 19 may
have a smaller dimension than the wavelength of the trans-
mitted and received light. Here, the dimension may mean the
length of the nanostructure or an interval between nanostruc-
tures.

The plurality of nanostructures 15, 17, and 19 may include
a first nanostructure 15 and at least one second nanostructure
17. Also, the plurality of nanostructures 15, 17, and 19 may
further include at least one third nanostructure 19. The first
nanostructure 15 may operate as a feeding unit in which
surface plasmon with respect to the input optical signal
occurs. The second nanostructure 17 and the third nanostruc-
ture 19 may operate as a director that guides the direction of
light and a reflector that reflects light, respectively. For
example, the direction of transmission of the light may be
controlled by adjusting at least one of the sizes and shapes of
the second nanostructure 17 and the third nanostructure 19, an
interval between the first nanostructure 15 and the second
nanostructure 17, and an interval between the first nanostruc-
ture 15 and the third nanostructure 19.

The first nanostructure 15 that operates as the feeding unit
may be configured to form a predetermined angle with
respect to the second nanostructure 17 that operates as the
director. Also, the second nanostructure 17 may be configured
to be parallel to the third nanostructure 19 that operates as the
reflector.

For example, when a polarization direction of the input
optical signal is parallel to the direction of an x-axis, the first
nanostructure 15 may be configured in such a way that a long
width of the first nanostructure 15 forms an angle of approxi-
mately 45° with respect to the polarization direction. Also, the
second and/or third nanostructure 17 and/or 19 may be con-
figured in such a way that long widths or a long width of the
second and/or third nanostructure 17 and/or 19 is parallel to
the polarization direction of the input optical signal. In the
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nanostructure, when input light has polarization components
parallel to the long width of the nanostructure, surface plas-
mon having components parallel to a short width of the nano-
structure may occut.

FIG. 3 shows a combined structure of the optical antenna
10 and a plasmonic waveguide 30. The combined structure of
FIG. 3 may be used as at least one of an optical transmission
unit and an optical receiving unit in the stacked integrated
circuit according to an exemplary embodiment. FIG. 3 illus-
trates an example in which the optical antenna 10 of FIG. 2 is
used. This is illustrative, and the plurality of nanostructures
15,17, and 19 of the optical antenna 10 used in the combined
structure may be modified in various forms.

Referring to FIG. 3, the plasmonic waveguide 30 includes
ametal layer 31 and is provided to propagate an optical signal
in the form of surface plasmon. The plasmonic waveguide 30
may further include a dielectric layer 33 formed to contact the
metal layer 31. Also, the plasmonic waveguide 30 may further
include a metal layer 35 formed on a surface of the dielectric
layer 33 opposite the metal layer 31. The plasmonic
waveguide, therefore, may constitute a metal layer 31-dielec-
tric layer 33-metal layer 35 structure.

The plurality of nanostructures 15, 17, and 19 that consti-
tute the optical antenna 10 may be formed on the plasmonic
waveguide 30. For example, the plurality of nanostructures
15, 17, and 19 that constitute the optical antenna 10 may be
formed in the metal layer 31 of the plasmonic waveguide 30
in an intaglio-type structure.

According to the combined structure of the optical antenna
10 and the plasmonic waveguide 30, a desired optical signal
may propagate, in the form of surface plasmon through the
plasmonic waveguide 30 of the metal layer 31-dielectric layer
33-metal layer 35, for example. The optical signal may be
radiated by the optical antenna 10 in a particular direction.

FIG. 4 illustrates a stacked integrated circuit in which the
combined structure of the optical antenna 10 and the plas-
monic waveguide 30 illustrated in FIG. 3 is used as an optical
transmission unit 110 and an optical receiving unit 210 so that
optical interconnection between layers can be performed,
according to an exemplary embodiment.

Referring to FIG. 4, the stacked integrated circuit accord-
ing the current embodiment may include the optical transmis-
sion unit 110 including a first optical antenna 130 that outputs
light, and the optical receiving unit 210 including a second
optical antenna 230 that receives light transmitted from the
optical transmission unit 110, so as to perform optical inter-
connection in which inter-layer signal transmission is per-
formed using light. The optical transmission unit 110 is posi-
tioned in a first layer 100, and the optical receiving unit 210 is
positioned in a second layer 200 different from the first layer
100 in the vertical direction and is spaced apart from the
optical transmission unit 110 by a predetermined gap. Here,
the first layer 100 and the second layer 200 may form a
stacked structure and may be adjacent to each other, or at least
one layer may further exist between the first layer 100 and the
second layer 200.

The optical transmission unit 110 and the optical receiving
unit 210 may be provided in such a way that layer-to-layer
communication may be performed using light. Also, the opti-
cal transmission unit 110 and the optical receiving unit 210
may be disposed in different chips so that chip-to-chip com-
munication may be performed using light. Alternatively, the
optical transmission unit 110 and the optical receiving unit
210 may be disposed so that chip-to-circuit board or circuit
board-to-circuit board communication may be performed
using light.
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To this end, the first layer 100 and the second layer 200 may
be stacked on different electronic device chips and/or differ-
ent photonic device chips. In this case, the electronic device
chips that constitute the first layer 100 and the second layer
200 may be stacked on one circuit board or formed of difter-
ent circuit boards being stacked on each other. One of the first
layer 100 and the second layer 200 may be an electronic
device chip, and the other one thereof may be a photonic
device chip stacked on the electronic device chip. In this case,
the electronic device chip and the photonic device chip may
be stacked on one circuit board or on different circuit boards
where are stacked on each other. Also, one of the first layer
100 and the second layer 200 may be one of the electronic
device and the photonic device chip being stacked on each
other, and the other one thereof may be a circuit board on
which at least one of the electronic device chip and the pho-
tonic device chip is integrated. In this case, communication
between a particular chip and a circuit board may be per-
formed using light. Also, the first layer 100 and the second
layer 200 may be stacked on different circuit boards. In this
case, at least one of the electronic device chip and the photo-
nic device chip may be integrated on each of the circuit
boards.

Also, the first layer 100 and the second layer 200 may be
elements that are stacked in the vertical direction and perform
different functions within the same electronic device chip or
photonic device chip.

In FIG. 4, the optical transmission unit 110 is disposed in
the first layer 100, and the optical receiving unit 210 is dis-
posed in the second layer 200. Alternatively, an optical receiv-
ing unit may be further provided in the first layer 100 so as to
perform optical interconnection with other layers that are
formed below the first layer 100, and an optical transmission
unit may be further provided in the second layer 200 so as to
perform optical interconnection with other layers that are
formed above the second layer 200. In this way, pairs of an
optical transmission unit and an optical receiving unit may be
disposed between layers in which communication is to be
performed, so as to correspond to each other.

The optical transmission unit 110 may include a first opti-
cal antenna 130 and a plasmonic waveguide 150 that includes
a metal layer 31 and propagates an optical signal in the form
of surface plasmon. The optical receiving unit 210 may
include a second optical antenna 230 and a plasmonic
waveguide 250 that includes the metal layer 31 and propa-
gates the optical signal in the form of surface plasmon.

The optical transmission unit 110 and the optical receiving
unit 210 may include a plurality of nanostructures as the first
and second optical antennas 130 and 230, respectively. In this
case, the plurality of nanostructures of the first optical
antenna 130 and the plurality of nanostructures of the second
optical antenna 230 may be upside down with respect to each
other. That is, since, in an optical antenna, light can is in a
direction opposite to a radiation direction, the second optical
antenna 230 has to a upside down structure with respect to the
first optical antenna 130 so as to receive light radiated from
the first optical antenna. In this way, in the optical receiving
unit 210 having the upside down structure with respect to the
optical transmission unit 110, received light proceeds in the
form of surface plasmon via the plasmonic waveguide 250.

The structures of the first optical antenna 130 and the
plasmonic waveguide 150 of the optical transmission unit 110
and the second optical antenna 230 and the plasmonic
waveguide 250 of the optical receiving unit 210 may be
substantially the same as the combined structure of the optical
antenna 10 and the plasmonic waveguide 30 described with
reference to FIG. 3. Thus, descriptions of the structures of the
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first optical antenna 130 and the plasmonic waveguide 150 of
the optical transmission unit 110 and the second optical
antenna 230 and the plasmonic waveguide 250 of the optical
receiving unit 210 will be sufficiently inferred with reference
to the above description and further description will be omit-
ted.

FIG. 5 schematically illustrates a stacked integrated circuit
according to another exemplary embodiment.

Referring to FIG. 5, the stacked integrated circuit accord-
ing to another exemplary embodiment may include an optical
transmission unit 300 including a first optical antenna 130
that outputs light and an optical receiving unit 400 including
a second optical antenna 230 that receives light transmitted
from the optical transmission unit 300, so as to perform
optical interconnection in which inter-layer signal transmis-
sion is performed using light. The optical transmission unit
300 is positioned in a first layer 100, and the optical receiving
unit400 is positioned in a second layer 200, different from the
first layer 100 in the vertical direction, and is spaced apart
from the optical transmission unit 300 by a predetermined
gap.

The optical transmission unit 300 and the optical receiving
unit 400, respectively, may include a plurality of nanostruc-
tures as the first and second optical antennas 130 and 230. The
plurality of nanostructures of the optical receiving unit 400
may be oriented upside down with respect to the nanostruc-
tures of the optical transmission unit 300.

The optical transmission unit 300 may include a light
source 350 and the first optical antenna 130 including a plu-
rality of nanostructures 15, 17, and 19, so as to directly
convert an electrical signal into an optical signal and to trans-
mit the optical signal in one direction via the optical antenna,
asillustrated in FIG. 6. The first optical antenna 130 including
the plurality of nanostructures 15, 17, and 19 may be inte-
grated with the light source 350. In this case, the light source
350 may be a laser light source.

As in the above-described embodiment, the plurality of
nanostructures 15, 17, and 19 may include the first nanostruc-
ture 15, at least one second nanostructure 17, and at least one
third nanostructure 19. In this case, the first nanostructure 15
may operate as a feeding unit in which surface plasmon are
generated with respect to the input optical signal, the second
nanostructure 17 may operate as a director that guides the
direction of light, and the third nanostructure 19 may operate
as a reflector that reflects light. Thus, the first nanostructure
15 may be configured in such a way that a long width of the
first nanostructure 15 forms an angle of approximately 45°
with respect to a polarization direction of the light generated
in the light source 350. Also, the second and/or third nano-
structures 17 and/or 19 may be configured in such a way that
long widths and/or a long width of the second and/or third
nanostructures 17 and/or 19 are parallel to the polarization
direction of light generated in the light source 350.

The optical receiving unit 400 may include an optical
detector 450 and the second optical antenna 230 including a
plurality of nanostructures 15, 17, and 19, as illustrated in
FIG. 7. The second optical antenna 230 including the plurality
of nanostructures 15, 17, and 19 may be integrated with the
optical detector 450. The second optical antenna 230 receives
an optical signal transmitted in a particular direction, and the
optical detector 450 converts the optical signal received from
the second optical antenna 230 into an electrical signal.

As described above, in a structure in which the light source
350, e.g., a laser light source and the optical detector 450 are
respectively provided in the optical transmission unit 300 and
the optical receiving unit 400; an optical antenna may be
integrated on a laser output device which outputs polarized
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light, and may transmit an optical signal in a particular direc-
tion; and an optical detector may receive the optical signal
from a second optical antenna, and convert the received opti-
cal signal into an electrical signal.

In an optical interconnection for a stacked integrated cir-
cuit according to the exemplary embodiments described
above, signal transmission can be performed with a simple
design. Thus, a wiring structure may be omitted in compari-
son to an existing device in which a complicated wiring
structure is used for layer-to-layer or chip-to-chip communi-
cation. Since signals are transmitted at the speed of light,
much faster transmission can be obtained, as compared to an
existing electronic device, so that a problem of crosstalk of
signals may be resolved.

Furthermore, in an optical interconnection for a stacked
integrated circuit according to the exemplary embodiments
described above, for optical signal transmission, light may be
directly transmitted and received in a desired direction using
a structure such as an optical antenna, unlike a waveguide
structure that is generally used. Thus, spatial connection and
geometric restriction factors of an existing waveguide struc-
ture may be eliminated so that, when such an advantage is
applied to an optical integration circuit, simplification of an
optical integration circuit and three-dimensional integration
caused thereby can be easily performed.

As described above, according to the exemplary embodi-
ments described herein, high-directivity beams are transmit-
ted and received using optical antennae so as to solve a com-
munication problem between layers in a vertical stacked
structure in an optical transmission manner without an addi-
tional structure so that integrated circuits can be simplified
and three-dimensional integration of the integrated circuits
can be easily performed.

It should be understood that the exemplary embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of fea-
tures or aspects within each embodiment should typically be
considered as available for other similar features or aspects in
other embodiments.

What is claimed is:

1. An optical interconnection structure comprising:

an optical transmission unit disposed in a first layer, the

optical transmission unit comprising a first optical
antenna that outputs light; and

an optical receiving unit disposed in a second layer, differ-

ent from the first layer and spaced apart from the optical
transmission unit by a predetermined gap, the optical
receiving unit comprising a second optical antenna
which receives light transmitted from the optical trans-
mission unit,

wherein the first optical antenna comprises a plurality of

first nanostructures, each of the plurality of first nano-
structures comprising a parallelepiped-shaped slot,
wherein the second optical antenna comprises a plurality
of second nanostructures, each of the plurality of second
nanostructures comprising a parallelepiped-shaped slot,
and wherein the plurality of second nanostructures are
spaced apart from and face the plurality of first nano-
structures and wherein the plurality of second nano-
structures are configured to transmit or receive an optical
signal.

2. The optical interconnection structure of claim 1, wherein
the first layer and the second layer comprise one of:

a layer of a first stacked electronic device chip and a layer

of a second stacked electronic device chip,

a layer of a first stacked photonic device ship and a layer of

a second stacked photonic device chip,
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a layer of a first semiconductor package and a layer of a

second semiconductor package,

alayer of an electronic device chip and alayer of a photonic

device chip being, and

alayer ofa semiconductor package, and a layer of one of an

electronic device chip and a stacked photonic device
chip.

3. The optical interconnection structure of claim 1, wherein
the first layer is a metal layer and the second layer is a metal
layer.

4. The optical interconnection structure of claim 1, wherein
at least one of the first layer and the second layer comprises a
plasmonic waveguide comprising a metal layer that propa-
gates an optical signal in a form of surface plasmon.

5. The optical interconnection structure of claim 4, wherein
at least cane of the plurality of first nanostructures and the
plurality of second nanostructures are formed on the plas-
monic waveguide.

6. The optical interconnection structure of claim 4, wherein
the plasmonic waveguide further comprises a dielectric layer
in contact with the metal layer.

7. The optical interconnection structure of claim 6, wherein
the metal layer of the plasmonic waveguide is a first metal
layer, and the plasmonic waveguide further comprises a sec-
ond metal layer formed a surface of the dielectric layer oppo-
site a surface of the dielectric layer in contact with the first
metal layer, such that the plasmonic waveguide comprises a
metal layer-dielectric layer-metal layer structure.

8. The optical interconnection structure of claim 1, wherein
the optical transmission unit further comprises a laser light
source, and the optical receiving unit further comprises an
optical detector.

9. The optical interconnection structure of claim 1,
wherein:

the plurality of first nanostructures feed light to the plural-

ity of second nanostructures; and

the plurality of second nanostructures direct light incident

thereon.

10. The optical interconnection structure of claim 9,
wherein the plurality of second nanostructures form a prede-
termined angle with respect to the plurality of first nanostruc-
ture.
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11. The optical interconnection structure of claim 10, fur-
ther comprising at least one third nanostructure which reflects
light incident thereon.

12. The optical interconnection structure of claim 11,
wherein the third nanostructure is parallel to the plurality of
second nanostructures.

13. The optical interconnection structure of claim 9, further
comprising at least one third nanostructure which reflects
light incident thereon.

14. The optical interconnection structure of claim 13,
wherein the at least one third nanostructure is parallel to the
plurality of second nanostructures.

15. The optical interconnection structure of claim 1,
wherein each of the plurality of first nanostructures and the
plurality of second nanostructures has a dimension smaller
than a wavelength of transmitted and received light.

16. The optical interconnection structure of claim 1,
wherein the plurality of second nanostructures are upside
down with respect to the plurality of first nanostructures.

17. The optical interconnection structure of claim 1,
wherein the optical transmission unit is disposed in a first chip
and the optical receiving unit is disposed in a second chip,
different from the first chip, such that transmission of an
optical signal between the optical transmission unit and the
optical receiving unit comprise an optical transmission unit is
a chip-to-chip communication.

18. An optical interconnection structure comprising:

an optical transmission unit comprising a first optical

antenna comprising a first metal layer comprising a plu-
rality of first nanostructures formed therein, and

an optical reception unit comprising a second optical

antenna comprising a second metal layer, different from
the first metal layer, comprising a plurality of second
nanostructures formed therein,

wherein each of the plurality of first nanostructures com-

prises a parallelepiped-shaped slot, wherein each of the
plurality of second nanostructures comprises a parallel-
epiped-shaped slot, and wherein the plurality of second
nanostructures are spaced apart from and face the plu-
rality of first nanostructures, such that an optical signal
transmitted by the first optical antenna is received by the
second optical antenna.
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